The Waterhouse-Friderichsen (W-F) syndrome is a clinico-pathological entity consisting of (a) the sudden onset of a rapidly progressive illness, (b) shock, (c) cyanosis, (d) a petechial rash, (e) death, usually within 24 hours, and (f) haemorrhages in both adrenal glands. Waterhouse (1911) described one case and reviewed the published reports, and Friderichsen (1918) described two cases and reviewed the literature. Neither of these reports added anything of significance to the full description of the syndrome by Little in 1901, who des- cribed it in 4 children and reviewed 7 other cases.
ANeisseria meningitidis is the organism most frequently isolated in this disease (Maclagan and Cooke, 1916; Bamatter, 1934; Banks and McCartney, 1943) but other organisms have also been found.
One of the main problems in this syndrome is the explanation of the fulminating course of the disease with irreversible shock. In spite of treatment with sulphonamides, antibiotics, and steroids, the prognosis is still extremely poor (May, 1960) . It has been suggested that disseminated intravascular coagulation (DIC) is responsible for the haemorrhages, particularly in the skin and adrenal glands, and for the severe shock and cyanosis (Margaretten and McAdams, 1958; Stuber and Hitzig, 1961; McKay, 1965) .
The clinical and pathological findings in 13 children with this syndrome are presented. The presence of fibrin thrombi in many organs supports Received 24 March 1971. the concept that DIC occurs, but the adrenal haemorrhages are probably due to endotoxaemia. It is suggested that heparin should be used in the treatment of this syndrome.
Case Reports
The clinical findings are summarized in Table I . Cases 2, 5, and 7 had convulsions soon after the onset of the illness. Case 8 had a splenectomy for traumatic rupture at the age of 8. The treatments are summarized in Table II . There was slight improvement during treatment in Case 5, but there was no response to treatment in any of the other cases. None of these cases was treated with heparin. The necropsy and microscopical findings are summarized in Table III . In Case 1 only one paraffin block of each adrenal gland and in Case 12 only two blocks of the left and one of the right adrenal gland were available for examination. In all the other cases paraffin blocks of the whole of both glands were prepared and serial sections examined. Sections were stained by haemalum and eosin, Mallory's phosphotungstic acid-haematoxylin, Giemsa, Gram-Weigert methods, and Perls' reaction. The extent of adrenal haemorrhage was approximately assessed from the sections (see Table  III ). The adrenal haemorrhages were confined to the cortices, often maximally at the level of the zona reticularis but also involving the central part of the gland in areas where the two layers of cortex are in apposition and in which there is normally no medullary tissue present. There was an apparent decrease in the number of cortical cells within the haemorrhagic areas, the remaining cells showing marked degenerative changes with pyknosis of nuclei and vacuolation of cytoplasm. In all the glands there were varying degrees of compact cell changes and pseudotubule formation. The only other vascular changes apart from fibrin thrombi in the cortical sinusoids were platelet fibrin thrombi in branches of the central vein in Cases 2, 7, 8, and 10. There were scattered foci of neutrophil infiltration in the cortices, mainly in the areas of haemorrhage in Cases 7 and 13. No organisms were seen in the adrenal glands or skin. All of the other tissues available were examined for deposits of fibrin by staining with PTAH (see Table  III ). The deposits of fibrin in the kidneys were mainly in the glomerular tufts ( Fig. 1 ) and in the liver the deposits were within the sinusoids. There was an acute focal myocarditis in Cases 9 and 12, and acute suppurative meningitis in Case 13. Early focal necrosis of the liver was present in Cases 4 and 5.
Discussion
It is important to restrict the W-F syndrome to the clinicopathological entity of a rapidly progressive disease of sudden onset with shock, cyanosis, a rash that is often petechial, and which results in death usually within 24 hours, at necropsy both adrenals being found to be haemorrhagic. If All the descriptions of the W-F syndrome (Little, 1901; Waterhouse, 1911; Friderichsen, 1918; Aegerter, 1936; Stiehm and Damrosch, 1966) have emphasized the fulminating nature of the disease, which is well illustrated in these cases (see Table I ). The organism most commonly found is Neisseria meningitidis (Andrewes, 1906; Maclagan and Cooke, 1916; Bamatter, 1934; Martland, 1944; Hardman, 1968) and only occasionally have other organisms been isolated: H. influenzae (Lindsay et al., 1941; Stuber and Hitzig, 1961) , haemolytic streptococcus (Stuber and Hitzig, 1961) , and the pneumococcus (Parr, Shipton, and Holland, 1953; Grant et al., 1970) . Montgomery and Olafsson (1960) described one case occurring with varicella. Margaretten, Nakai, and Landine (1963) described 42 cases of adrenal haemorrhage with septicaemia in which staphylococci, H. influenzae, and Gram-negative bacilli were isolated. Though they regarded these cases as having the W-F syndrome, it is not obvious from their description that the full clinical syndrome was present. In the present series, in only 2 out of 6 cases, in which blood cultures were examined, was N. meningitidis isolated, and in 1 of 9 cerebrospinal fluids examined H. influenzae was found, the CSF in the other cases being normal. (Aegerter, 1936) , it has been described with meningococcal meningitis (Andrewes, 1906; Maclagan and Cooke, 1916; Ferguson and Chapman, 1948; Hiardman, 1968) and H. influenzae meningitis (Lindsay et al., 1941 and Case 13 in this series). In all the cases in this series both adrenals were macroscopically haemorrhagic, but histological examination showed a variation in the amount of adrenal cortex involved (see Table II ). In some sections there were large areas of uninvolved cortex adjacent to areas of haemorrhage (Fig. 2) . It is important to note that the cortex alone is haemorrhagic and the medulla is completely spared (Fig. 2 ).
There have been many reports in which haemorrhages have been described in the medulla, and others in which there was haemorrhage in the centre of the gland and no medulla was seen (Waterhouse, 1911; Maclagan and Cooke, 1916; Aegerter, 1936; Banks and McCartney, 1943; Ferguson and Chapman, 1948) . It is probable that in these cases there were haemorrhages in the central part of the gland in which medullary tissue is normally not present (Dobbie and Symington, 1966) . In 10 of the present cases the whole of both glands was examined and in none of these were there any haemorrhages in the medulla.
In this syndrome the explanation of the severe shock and the rapid course of the disease are the main clinicopathological problems. For many years it was thought that they were due to the adrenal haemorrhages with subsequent adrenal failure   FIG. l (Maclagan and Cooke, 1916; Friderichsen, 1918; Banks and McCartney, 1943; Cosgriff, 1944; Nelson and Goldstein, 1951) . However it has been suggested that too much emphasis has been placed on the role of the adrenals in this syndrome (Aegerter, 1936; Williams, 1942; Bjorklund, 1953) . In the present series there was no correlation between the extent of adrenal haemorrhages and the clinical state, and there was no response to treatment with steroids. These findings support the idea that acute adrenal failure plays little part in the production of this syndrome (May, 1960; Symington, 1969) . It has been suggested that the severe 'irreversible' shock, adrenal and other haemorrhages found are due to DIC (Margaretten and McAdams, 1958; Stuber and Hitzig, 1961; McKay, 1965) . DIC is due to the in vivo activation of clotting mechanisms and may produce profound shock, a haemorrhagic state, and the deposition of fibrin thrombi in many organs (Hjort and Rapaport, 1965; McKay, 1965) . The presence of fibrin thrombi in many organs in this series (Table III) supports the concept that DIC occurs, but the exact role that it plays in the pathogenesis of the syndrome is not clear. The main cause of this difficulty is that in this syndrome it has been claimed that DIC is due to endotoxaemia (Hjort and Rapaport, 1965) and it is difficult to assess which effects are due to endotoxaemia alone and which to the concurrent DIC. Margaretten and McAdams (1958) , McKay (1965) , and Hjort and Rapaport (1965) have thought that blockage of the adrenal cortical sinusoids, which occurs with DIC, caused the adrenal haemorrhage. However, the histo- logical evidence in this series is against this hypothesis; thus there is no apparent correlation between the extent of cortical haemorrhages and the distribution of the sinusoidal thrombi, there are many areas in which there are few fibrin thrombi, and there are fibrin thrombi in the sinusoids in the non-haemorrhagic cortices. Levin and Cluff (1965) , from their experimental studies, suggested that the adrenal haemorrhages in humans with W-F syndrome were due to the direct action of endotoxin on the 'stressed' adrenal cortex. The presence of degenerate cortical cells in the areas of haemorrhage, and the changes of stress in the cortices (compact cells and pseudotubules) in these cases support their hypothesis. The presence of fibrin thrombi in the sinusoid in the adrenals could be coincidental, and though it is due to DIC, it is not the cause of the adrenal haemorrhages. As it has been shown that heparin prevents DIC occurring in animals (Good and Thomas, 1953) and will prevent its spread in man (Merskey et al., 1964; Corrigan, Ray, and May, 1968) , the observation that heparin is of therapeutic value in the W-F syndrome (Abildgaard et al., 1967; McGehee, Rapaport, and Hjort, 1967; Corrigan et al., 1968; Winkelstein et al., 1969) could be used as further evidence that the syndrome is due to DIC. Furthermore, it is appropriate to emphasize the practical importance of the possible therapeutic value of heparin in this syndrome. Heparin should be used in addition to other therapeutic procedures in patients with suspected W-F syndrome in which DIC is thought to be occurring. While there are debatable theoretical arguments against the use of cortisone in the W-F syndrome if it is due to DIC (May, 1960; Stuber and Hitzig, 1961) , the use of this hormone in conjunction with heparin is to be encouraged.
In this series of cases with the W-F syndrome there is strong evidence that DIC occurs. Treatment of this complication with heparin should lead to an improvement in the prognosis of this usually fatal syndrome.
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